Purpose Despite the fact that new and modern short-stems allow bone sparing and saving of soft-tissue and muscles, we still face the challenge of anatomically reconstructing the femoro-acetabular offset and leg length. Therefore a radiological and clinical analysis of a short-stem reconstruction of the femoro-acetabular offset and leg length was performed. Methods Using an antero-lateral approach, the optimys shortstem (Mathys Ltd, Bettlach, Switzerland) was implanted in 114 consecutive patients in combination with a cementless cup (Fitmore, Zimmer, Indiana, USA; vitamys RM Pressfit, Mathys Ltd, Bettlach, Switzerland). Pre-and postoperative Xrays were done in a standardized technique. In order to better analyse and compare X-ray data a special double coordinate system was developed for measuring femoral-and acetabular offset. Harris hip score was assessed before and six weeks after surgery. Visual analogue scale (VAS) satisfaction, leg length difference and the existence of gluteal muscle insufficiency were also examined. Results Postoperative femoral offset was significantly increased by a mean of 5.8 mm. At the same time cup implantation significantly decreased the acetabular offset by a mean of 3.7 mm, which resulted in an increased combined femoroacetabular offset of 2.1 mm. Postoperatively, 81.7 % of patients presented with equal leg length. The maximum discrepancy was 10 mm. Clinically, there were no signs of gluteal insufficiency. No luxation occurred during hospitalization. The Harris hip score improved from 47.3 before to 90.1 points already at six weeks after surgery while the mean VAS satisfaction was 9.1. Conclusion The analysis showed that loss of femoroacetabular offset can be reduced with an appropriate stem design. Consequently, a good reconstruction of anatomy and leg length can be achieved. In the early postoperative stage the clinical results are excellent.
Introduction
As part of the endoprosthetic treatment of hip osteoarthritis new femoral stems have been developed in recent years aiming at better preservation of bone stock. In this context the femoral neck preserving short-stem prostheses have gained importance. These prosthetic designs have been on the market since the 1980s but they were restricted to a young patient clientele and have hence not prevailed extensively. Initially the goal was to achieve a good osteointegration with only metaphyseal anchoring systems, e.g. thrust plate prosthesis (Zimmer), CUT prosthesis (Orthodynamics), Spiron prosthesis (k-implant) [1] . However, an exact reconstruction of the natural anatomy could not be achieved this way. In recent years the market share of short stems has markedly increased due to new studies describing equivalent or superior bone stability even in elderly patients [2, 3] . At the same time, the literature is increasing in agreement that an accurate reconstruction of the hip joint anatomy is crucial for the clinical outcome. Besides leg length and caput-collum-diaphyseal angle (CCD angle), the femoro-acetabular offset has increasingly come into focus. The femoro-acetabular offset consists of two parts: the femoral offset, as the distance from the centre line of the femur to the centre of rotation, as well as the acetabular offset, as the distance from the centre of rotation to the central point of the acetabular coordinate system, which is the midline of the pelvis. For a long time the offset recovery has been neglected in comparison to the restoration of leg length. However, studies have indicated that a reduced offset can have severe consequences [4] , like instability of the hip joint. By causing low soft tissue tension it leads to a restricted range of motion and an increased risk of dislocation [5] . At the same time a decreased postoperative muscular preload can cause muscle weakness and fatigue. Insufficiency of the gluteus muscle group results in a Trendelenburg gait [6] .
Further, an increased wear of prosthetic material and frequently occurring impingement with concomitant femoral pelvic rubbing were detected with a reduced offset [7] [8] [9] .
In contrast, by increasing the lever arm of the abductors an increased femoro-acetabular offset counteracts the above aspects by maximizing the transmission of muscle forces [10, 11] . This, by reducing the forces on the hip joint, causes reduction of abrasion of the articular capsule and the inlay [12] . However, a disproportionate increase in offset can cause trochanteric bursitis.
Given these findings, it appears that a loss of offset has great clinical relevance.
Implantation of the cup typically causes a reduction of the acetabular offset due to a medialisation. The design of any stem should thus make possible the maintenance of femoral offset, or even its increase. This should, however, remain within reasonable limits in conformity to the individual anatomy of the patient.
The present study examined if the femoro-acetabular offset can be reconstructed with implantation of an optimys shortstem prosthesis and if leg length can be maintained as well.
Materials and methods
In the present study a total of 114 consecutive, unilateral hip joints were prospectively included. For 109 patients evaluation and follow up could be performed. In all patients the meta-diaphyseal anchoring short-stem system optimys (Mathys Ltd. Bettlach, Switzerland) was used (Fig. 1) . It is a femoral neck preserving prosthesis made of titanium, which is available in 12 different sizes, with a 12/14-mm cone and two different offset versions. Neck length increases in steps of 1.4 mm in analogy to stem size. The lateral offset variant shifts the centre of rotation by 5 mm without influencing leg length. The special stem design allows good bone contact at the distal lateral cortex and the proximal medial cortex.
The prosthesis is aligned along the proximal medial cortex and the calcar femorale. Anchoring is based on the fit-and-fill principle, but can also be done as classic threepoint anchoring in some cases. In addition the triple conical shape is supposed to achieve good primary stability and prevent sintering. The greater trochanter region remains intact.
The optimys stem was combined with cementless press-fit cups (Fitmore, Zimmer; RM Pressfit vitamys, Mathys Ltd. Bettlach) with a ceramic-polyethylene bearing couple. The implantations were performed at the Department of Orthopaedic Surgery at St. Josef's Hospital Wiesbaden, Germany, in the years 2010 to 2012. All operations were performed through a minimally invasive, antero-lateral approach in a standardized surgical technique [13] . Mean patient age was 63 years (range, 33-86 years). Fifty-one women and 58 men were operated upon. In 46 cases, the left side was affected, 63 patients were treated on the right side.
All patients underwent pre-and postoperative digital antero-posterior imaging with a standardized technique. For the purpose of producing the deep pelvic X-raysurvey a positioning splint with 20°internal rotation of hip joints was used. Radiological evaluation was performed by one examiner. In order to achieve an accurate measurement of the hip anatomy a double coordinate system was applied on both the preoperative and the postoperative images (Figs. 2 and 3 ). This method has already been described [14] [15] [16] . Measurement of the femoral, the acetabular as well as the combined total offset was performed. The measured data were calculated with an individual scaling factor, which was generated using the diameter of the femoral head of the opposite side, comparing the preoperative to the postoperative image [14] . Data analysis was performed using MS Excel (Microsoft, Redmond, USA). In addition, patients were clinically examined six weeks postoperative or later for possible signs of an insufficiency of the gluteal muscles like a Trendelenburg gait or a positive Trendelenburg sign. Harris hip score and satisfaction on a visual analogue scale (VAS 0-10) were also assessed. Finally, leg-length discrepancy compared with the non-operated side was examined clinically by comparing the height of iliac crests on both sides of the standing patient. 
Statistics
The two-sided Wilcoxon signed rank test was used to compare the pre-and postoperative acetabular offset, femoral offset, total offset, leg-length difference as well as the Harris hip score and VAS satisfaction. A p-value <0.05 was considered to be statistically significant. All statistical analyses were performed using SAS Enterprise Guide 4.2 (SAS Institute Inc., Cary, USA).
Results
Of the originally 114 enrolled patients five had to be withdrawn in the course of the study. Four patients had not presented for follow up, but assured that they were free of complaints by telephone. One patient underwent an intraoperative method change because of femoral perforation and could not be evaluated according to protocol.
The postoperative femoral offset changed significantly by an average of 5.8 mm (standard deviation [SD]: 4.8). The corresponding maximum was 17.9 mm, the most marked reduction was −5.0 mm (Table 1) . In contrast, due to a frequent medial shift of the cup and the centre of rotation, a significant reduction of the acetabular offset by an average of 3.7 mm (SD: 5.1) resulted. Here, the corresponding maximum was 19.5 mm; the most pronounced lateralisation was 9.1 mm ( Table 1 ). The calculation of the combined total offset thus showed a statistically significant mean increase of 2.1 mm (SD: 5.8) ( Table 1) .
A clinical mean leg length discrepancy of 1.2 mm (maximum: 10 mm; SD: 3.3) was observed in the complete patient sample whereby discrepancies were only seen in 18.3 % (20 patients) ( Table 2) .
No signs for postoperative gluteal muscle insufficiency were found in any of the patients included. One traumatic dislocation occurred during rehabilitation. It could be repositioned and required no further therapy. The Harris hip score at six weeks after surgery was 90.1, compared with 47.4 before surgery. Patient satisfaction on VAS was 9.1 (Table 3) .
Discussion
We found an increase of total offset of 2.1 mm. While the acetabular offset was reduced by 3.7 mm the femoral offset gained 5.8 mm. The clinical results in the early postoperative stage were excellent.
The development of the latest generation short-stem prostheses aimed at mapping the patient-specific anatomy as well as possible. Reconstruction of the patient-specific hip geometry is of decisive importance for the clinical function of the hip joint after total hip arthroplasty. This was already suggested for other types of prostheses [14, 17] . The preoperatively performed digital planning allows a 2D simulation of the implantation and thus the possibility of determining elements such as the femoro-acetabular offset, leg length or varus/valgus positioning of the stem in advance. The accuracy and the usefulness of digital planning could be confirmed in the majority of studies [18, 19] . Nevertheless a statement on the potential for anatomic reconstruction of the important geometric parameters (offset/CCD angle/leg length) was rarely found in studies using a standardized radiological evaluation of the pre-and post-operative conditions [1] . Many shortstem systems could not convince regarding the implementation of the planned results for the femoro-acetabular offset and leg length. Babisch [20] showed that an adequate individualized reconstruction of the anatomical situation is only possible with a few short-stem models and that it is critically dependent on the anatomical conditions of the patient. Jerosch [21] showed an inadequate reconstruction of the individual offsets using digital planning in a total of 90 different implants. Wedemeyer et al. [16] was able to find a great match of preoperatively planned sizes with those actually implanted in a series of 40 Mayo (Zimmer) stems. The intended offset and CCD angle could, however, not be implemented sufficiently, leading to changes in hip geometry.
A common problem is the loss of femoro-acetabular offset. Studies have shown that a reduced offset can have severe consequences [4] [5] [6] [7] [8] [9] . Overall, an increase of offset by an extension of the abductor lever and thus an improved force transmission can reduce the load on the hip joint [22] , which often leads to more muscular stability. In addition, the risk of possible impingement symptoms is reduced and the range of motion can be increased [23] .
Röthlisberger [24] showed a medium loss of acetabular offset of about 4.6 mm in the context of 120 implantations of cementless short-stem systems with a corresponding cementless press-fit cup (optimys; RM Pressfit vitamys, Mathys Ltd, Bettlach, Switzerland) [24] . A medialization of the cup is especially typical using cementless cups. The pressfit principle requires a sufficient cavity of the acetabulum in order to achieve a stable situation. As a result the hip joint's centre of rotation is often medialized resulting in a loss of offset. It can therefore be regarded as the duty of the stem to compensate the loss of acetabular offset by increasing the femoral offset to prevent a total offset loss and thus limitations in clinical function. In the study of Höhle et al. [15] , 191 Metha (B.Braun Melsungen) and Mayo (Zimmer) stems were implanted in combination with cementless press-fit cups. The results also showed a reduction of the acetabular offset by a mean of 4.9 mm. However, the examined short-stems could Difference of offset (femoral, acetabular and total) pre-to postoperative not compensate the loss of acetabular offset. In addition a mean loss of 0.7 mm of femoral offset and a total offset loss of 5.6 mm was observed [15] . The reasons for the offset loss can be found by looking at the design of these short-stem systems. For most of them, the variance of the individual positioning of the stem is limited and the CCD angles are often rather large. Frequently, the stem aligns itself in a valgus position during the implantation, which results in a reduced femoral offset and can consequently lead to gluteal insufficiency. Although the average CCD angle of patients with arthritis of the hip joint is about 125°, it shows a significant variance and can commonly range from 110°to 145° [23] . A stem design with an average CCD angle of 135°after implantation can't compensate the large CCD angles and will inevitably lead to an overall loss of offset. In the study of Höhle et al. [15] the implantation of the shortstem systems Metha and Mayo often led to an increased valgus position compared to the preoperative planning. On the other hand Jerosch et al. [1] showed an average reduction of the CCD angle of only 0.5°in a series of the MiniHip stem (Corin), a short-stem of the latest generation.
In case of exceptional anatomical features such as a significant varus position of the femoral neck, however, a careful pre-operative planning is essential. In such cases the new generation short-stem systems can also reach their limits.
The optimys short-stem uses the anatomy of the medial cortex to position itself along the calcar femorale. According to the pre-existing pre-operative CCD angle it can re-establish the varus-valgus position of the femoral neck in a large bandwidth (Figs. 4 and 5) . In addition, the resection of the femoral neck determines the positioning of the stem in the proximal femur. Thus, according to the digital planning, resection can be varied to affect the stem position. A high resection of the femoral neck leads the stem alongside the calcar in a varus position with a correspondingly large offset; a valgus position is also achieved along the calcar, but by deep resection. The stem is available in 12 sizes. Unlike other systems, the neck length extends with each prosthesis size for another 1.4 mm. Thus, it takes account of the tendency that a marked varus anatomy needs rather small implant sizes whereas in femoral neck valgus positions rather large implant sizes are used [1] . This means that implants brought into valgus position are able to better counteract a loss of offset by an implicit extension in comparison to smaller stems. Furthermore, given the option of choosing from two different offset versions, a standard and a lateral version, which increases the offset compared to the standard cone by about 5 mm, an optimal offset recovery can be achieved.
The reconstruction of the patient's normal anatomy is decisive. In summary it is both an individualized resection of the femoral neck for the purpose of varying the femoral offset for a varus or valgus anatomy, as well as the possibility contained in the stem design in being able to choose a standard or a lateral offset version. These features, taken together, have been developed in order to prevent a possible offset loss.
The patients included in this study were examined for signs of gluteal muscle insufficiency. For this purpose, the occurrence of a Trendelenburg gait or a positive Trendelenburg test was chosen. It is characterized by a descent of the pelvis in the stance phase to the opposite side with a corresponding lateral bending of the trunk onto the supporting leg. It is considered a sign of weakness or paralysis of the hip abductors (M. gluteus medius and M. gluteus minimus). The absence of this limp in this entire cohort of 109 patients suggests a sufficient stabilization of the gluteal muscles by maintaining the offset. The increase of femoral offset with a medial shift of the centre of rotation, effected by increasing the lever arm of the abductor muscles, enhanced muscular stability. The single dislocation, which occurred during rehabilitation was due to a fall out of bed and was therefore not regarded as a cause of instability.
Future studies of these patients should also include the possible negative consequences of an increased offset, e.g. cortical hypertrophy caused by a suspected increased medial bending stress in the distal part of the prosthesis [17] . Clinical care should be taken in particular of induced symptomatic trochanteric bursitis.
Weakness of study
The short follow-up period of six weeks limits the present study regarding information about mid-and long-term survival of the optimys stem. To date, a statement concerning its long-term stability cannot be made, which was, however, not the goal of the investigation. In addition, since the Department of Orthopaedic Surgery of St. Josefs Hospital Wiesbaden has been involved in the development of the stem, the surgeons involved in the study are very experienced, and in the future it needs to be seen if other centres can replicate our results.
Conclusion
The present study showed that the versatile design of the optimys short-stem system is able to compensate loss of offset due to medialization of the cup in cementless press-fit-cup systems. The special design and the wide range of resulting possibilities for an individual positioning combined with two offset versions can effectively prevent the frequently occurring loss of total offset in hip arthroplasty. This can be achieved for a multitude of different hip anatomies. A gluteal muscle insufficiency and the associated clinical consequences can therefore be prevented satisfactorily. Leg length can be adequately balanced in comparison to the contralateral side.
Preoperative digital planning remains essential in order to achieve the objective of an individually reconstructed hip geometry.
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